Objective. Using the bilateral internal mammary artery (IMA) in coronary artery bypass grafting (CABG) surgery has prolonged survival, improved functional capacity, and reduced the rate of reintervention without increasing postoperative early morbidity and mortality.
I N T R O D U C T I O N
The purposes of myocardial revascularization are to prolong survival, to improve the quality of life, to eliminate or ameliorate angina, to reduce the need for a subsequent intervention, and to decrease the frequency of repetitive ischemic events such as myocardial infarction. The success of myocardial revascularization mainly depends on long-term graft patency and the number of bypassed coronary arteries. Recently, it has been stated that the use of the bilateral internal mammary artery (BIMA) in coronary artery bypass grafting (CABG) operations has improved functional capacity, reduced the rate of reintervention, prolonged survival, and decreased the rate of reoperation without increasing morbidity and postoperative early mortality when compared to the use of the left internal mammary artery (LIMA) [Pick 1997; Tatoulis 1999; Lytle 1999; Endo 2001; Dewar 1995; Berreklouw 2001; He 1994; Ashraf 1994; Ioannidis 2001; Toker 2000] . Fiore and associates [1990] concluded that the right internal mammary artery (RIMA) to right coronary artery (RCA) anastomosis in BIMA-operated patients had good effects, reduced the long-term angina and myocardial infarction frequency, and decreased reintervention rate. In contrast, some authors emphasized that heart failure accompanied the RIMA to RCA anastomosis [Dietl 1995; Chow 1995; Buxton 2000] . Many other comparative and noncomparative studies using the RIMA to the left coronary artery (LCA) system have been published in recent years and found that the patency was superior to those anastomosed to the RCA [Buxton 2000; Ura 2000; Gerola 1996; Buche 1995] . Off-pump CABG techniques have been used for the last decade and are becoming popular because of their advantages over the conventional technique and their better angiographic results [Kirali 1999; Omeroglu 2000; Kirali 2002 ]. Long-term patency of the RIMA using the conventional technique is as good as the LIMA, but we do not know the mid-term patency rate of BIMA anastomosis performed with off-pump techniques.
The purpose of this study was to investigate mid-term outcome and angiographic results using the BIMA and to compare using the RIMA to the left or right coronary artery system. Secondly, off-pump technique was investigated to determine whether or not this strategy might worsen the patency of the BIMA.
PAT I E N T S A N D M E T H O D S
A retrospective study was conducted to compare the shortand mid-term performance of the BIMA combined with a randomized control angiographic evaluation to investigate the patency rate of the BIMA. Between January 1996 and December 1997, 94 isolated CABG operations were performed using the BIMA. The total CABG operations performed during the same period of time in our institution was 1559. Combined surgical procedures such as CABG associated with valve repair or replacement, aneurysmectomy, CABG operations using a third arterial graft (such as the BIMA plus the radial or gastroepiploic artery), reoperations, and urgent operation after acute myocardial infarction were excluded from the study. Our selection of patients for the BIMA graft was not random, and younger male patients were selected for BIMA revascularization. We tried not to select patients with diabetes mellitus (DM) and/or severe obesity. Patients were randomly divided into 2 groups and group selection was dependent on the length of the RIMA. In Group A (n = 45), both the LIMA and RIMA were anastomosed to the LCA system, and in Group B (n = 49) the LIMA was anastomosed to the LCA system and the RIMA was anastomosed to the RCA system. The major target vessel for the LIMA was the left anterior descending artery (LAD). The decision of which internal thoracic artery would be anastomosed to which vessel was intraoperatively determined according to the length of the conduit and the lesion region of the coronary artery. Preoperative characteristics of patients in both groups were similar (Table 1) .
Surgical Procedures
All patients underwent a uniform operative technique in which the internal mammary arteries (IMAs) were singly anastomosed to the coronary arteries. Median sternotomy was performed in all cases, except for 1 patient who underwent minimally invasive CABG procedure. Both IMAs were harvested with a pedicle containing the pleura, the transversus thoracic muscle and fascia, and the internal thoracic veins. All branches of both IMAs were ligated with small clips adjacent to the IMA. The pedicle was sprayed with a solution containing 60 mg/100 mL papaverine and Ringer lactate solution. Eighty-seven patients received the BIMA as in situ grafts, and the RIMA was used as a free graft in 7 patients ( Table 2 ). The RIMA was passed through the transverse sinus in 27 patients in Group A to be anastomosed to the major branches of the circumflex artery (n = 26) or to the diagonal branch of the LAD.
Cardioplumonary bypass (CPB) was performed subsequently at 32°C and continuous retrograde isothermic blood cardioplegia was used for myocardial protection in patients undergoing CPB operation. A single cross clamp for all distal and proximal anastomoses was preferred. One patient in Group A and 18 patients in Group B underwent beating heart surgery. For the operations with a beating heart, heparin was administered to hold activated clotting time over 200 seconds. Beta-blocker agents were used for slowing the heart rate to less than 80 beats per minute. We occluded only the proximal part of the coronary artery using a bulldogclamp. We never occluded the distal segment of the coronary artery. An oxygen blowing system was used to improve the visualization of the anastomotic region. Distal anastomosis was sutured using 7-0 polypropylene material in a continuous technique. The rest of the operation was performed in the usual manner. Operative data are shown in Table 3 . Only 1 patient underwent a minimally invasive procedure, and anterior thoracotomy was performed at both sides of the thorax.
Late Follow-up
Information on patients was provided by the patients, supported by telephone interviews with family physicians or patients, and hospital records between †RIMA passed through transverse sinus.
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Statistical Analysis
Statistical analyses were performed using SPSS version 10.0 software (SPSS, Inc., Chicago, IL, USA). Mean ± standard deviation and range were calculated for descriptive variables. Differences between categorical variables were tested using a χ 2 and a Fisher exact test. Differences between continuous variables were tested using a Student t test. Univariate and forward stepwise logistic regression analysis was used to assess risk factors for early mortality, mediastinitis, and reoperation for bleeding. Long-term event-free curves were estimated by the Kaplan-Meier method, and differences between groups were compared with a log-rank test. Results are presented as mean ± standard error. Univariate and multivariate Cox proportional hazard regression analysis was used to assess risk factors as independent predictors of late mortality and reintervention. A P value less than or equal to .05 was considered statistically significant for all comparisons.
R E S U LT S

Early Results
Perioperative and early postoperative results were similar in both groups (Table 4) . Postoperative low cardiac output syndrome developed in 10 patients (10.6%), and 4 patients (4.2%) required postoperative intra-aortic balloon pump support.
There was 1 (1.06%) early mortality (<30 days) and the reason was perioperative myocardial infarction (MI). The patient underwent surgery and CPB was performed, but the patient died because of low cardiac output syndrome. On univariate analysis, perioperative myocardial infarction (P <.001), inotropic support (P = .004), and smoking (P = .044) were found to be statistically significant predictors of hospital mortality. Forward stepwise logistic regression analysis evaluated no predictors for hospital mortality (Table 5) .
Despite the relatively smaller frequency of DM and obesity in all patients, there were only 3 cases of mediastinitis in Group B. One of the patients had DM, but the other 2 patients had chronic obstructive pulmonary disease (COPD), and none were obese. On univariable analysis, COPD (P = .05) and DM (P = .056) were found to be statistically significant predictors of mediastinitis. Forward stepwise logistic regression analysis evaluated no predictors for mediastinitis (Table 5) .
Re-exploration for serious bleeding was necessary in 1 patient. We did not find any surgical bleeding. Another patient underwent re-exploration for perioperative MI and CPB-support was performed, but the patient died. On univariable analysis, perioperative MI (P = .012) and hypertension (P = .015) were found to be statistically significant predictors of serious bleeding (Table 5) . Forward stepwise logistic regression analysis evaluated no predictors for massive bleeding, but perioperative MI (P = .077; odds ratio 22) was a serious risk factor for re-exploration.
Late Results
One patient from Group B died 1 year after operation. This patient postoperatively received inotropic support for low cardiac output syndrome. Late mortality rate was 1.1% for all patients. Univariate analysis showed that perioperative myocardial infarction (P <.001), re-exploration (P <.001), and inotropic support (P = .003) were found to be statistically significant predictors of late mortality (Table 6 ). Cox proportional hazard analysis showed no determinate for late mortality. Actuarial survival for all patients was 97.8% ± 1.5% at 6.5 years (6.5 ± 0.1 years, 95% CI 6.3-6.6 years). Actuarial freedom from death was similar in both groups (97.8% ± 0.22% versus 97.9% ± 0.21%; P = .97).
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Late postoperative results were similar in both groups (Table 7) . One patient in Group A underwent postoperative percutaneous transluminal coronary angioplasty (PTCA) for severe stenosis in the LIMA to LAD anastomotic area. One patient in Group B underwent a late reoperation. On univariable analysis, perioperative MI (P = .013) and postoperative angina (P = .039) were found to be statistically significant predictors for reintervention (Table 6 ). Forward stepwise logistic regression analysis evaluated no predictors for reintervention, but perioperative MI (P = .059; odds ratio 16.6) was a serious risk factor for reintervention. Another patient in Group B had a new MI. Treadmill exercise test results were positive in 1 of 11 patients in Group A and in 1 of 10 patients in Group B.
Graft Patency
Forty-six postoperative angiographic studies were done at a mean interval of 2.5 ± 1.5 years (Table 8) . Among these patients, there were 9 patients with a dysfunctional LIMA (n = 1), RIMA (n = 7), or BIMA (n = 1). The patency rate of the LIMA was 95.65% (44/46) and it was significantly higher (P = .02) than those of the RIMA (80.43%; 37/46). When we compared using the RIMA to the left or right coronary artery system, there was no difference (82.6% versus 78.26%; P = .7). Thirteen of 18 patients (72.2%) who underwent beating heart operation in Group B underwent control angiography and the patency rate of RIMA to RCA anastomosis with offpump technique was 76.9%. The patency rate of RIMA anastomosis with or without off-pump technique was similar (76.9% versus 80%; P = s.633). The patency rate of LIMA to LAD anastomosis in Group B was 92.3% and it was higher than those of RIMA, but was not significant (P = .27).
Univariate analysis showed that RIMA anastomosis on the left or right coronary artery system (P = .94), DM (P = .6), hypertension (P = .54), hyperlipidemia (P = .97), obesity (P = .77), incomplete revascularization (P = .78), off-pump technique (P = .71), perioperative myocardial infarction (P = .31), and mediastinitis (P = .6) were not statistical predictors of late patency of the RIMA. Only late MI was dependent on the The Heart Surgery Forum #2005-1165 occluded RIMA anastomosis (P = .052), but it was not significant according to multivariate analysis.
Univariate analysis showed that LIMA anastomosis on the left or right coronary artery system (P = .97), DM (P = .83), hypertension (P = .32), hyperlipidemia (P = .23), obesity (P = .58), incomplete revascularization (P = 0.2), off-pump technique (P = 0.42), perioperative myocardial infarction (P = .76), mediastinitis (P = .83), and late MI (P = .83) were not statistical predictors of late patency of LIMA.
D I S C U S S I O N
The BIMA is becoming increasingly popular because it provides satisfying early and late results [Lytle 2001] . It has been demonstrated in recent studies that the use of the BIMA has better long-term survival and decreased rates of reintervention without increasing the postoperative morbidity and mortality ratios when compared to using only the LIMA [Pick 1997; Endo 2001; Berreklouw 2001; He 1994; Ioannidis 2001] . Knapic and colleagues [1996] emphasized that although the hospitalization period did not differ, the entubation time was longer for BIMA-operated patients. Taggart [2000] found that the blood gases parameters were similar in patients using the single or bilateral IMA.
The target vessels of the RIMA remain uncertain, whereas the LIMA is generally considered to be the graft of choice for the LAD system. When the RIMA is used in situ, the RCA or circumflex system are the easiest to reach. The long-term results of BIMA-operated patients with the RIMA to the LCA system [He 1994; Ura 2000; Gerola 1996; Buche 1995] or with the RIMA to the RCA system [Fiore 1990 ] anastomosis have better results than the LIMA-only patients for repetitive angina, MI, PTCA, and reoperation. But the RIMA to the RCA system anastomosis can result in graft failure. Buxton and colleagues [2000] stated that the anastomosis of the RIMA to coronary arteries except the LAD could result in graft failure. Eight-year survival rates of saphenous vein graft for RIMA to RCA anastomosis were found to be similar in patients with double vessels disease (LAD and RCA) when LIMA to LAD anastomosis was standard protocol [Schmidt 199] . Presently, RIMA to the LCA system anastomosis is preferred by most cardiac surgeons because of the better outcome and patency rate Buxton 2000; .
In the present study, early-and mid-term results (total cardiac ischemic events such as relapsing angina, MI, PTCA, reoperation, and death) were comparable with the literature, which was collected and published by Ascione and colleagues [2001] . We performed control angiography for the randomly selected 23 patients (≅50%) in each group 2.3 years after operation. Angiographic results showed that the patency of the RIMA to the right or left coronary artery system was similar (78.26% versus 82.6%; P = .7). But the LIMA had a better patency rate than the RIMA (95.65% versus 80.43%; P = .02). The patency rates of LIMA and RIMA anastomosis on the beating heart were not significantly different, but were better for LIMA (91.7% versus 75%; P = .27); whereas the patency of RIMA anastomosis with or without off-pump technique in the Group B was similar (76.9% versus 80%; P = .84). The patency rate of the RIMA in this study was lower that those published in the literature. We could not identify any risk factor for late occlusion of the RIMA. We can only say that technical problems during harvesting the RIMA and the surgical anatomy of target vessels could affect the patency of the RIMA, because most of these operations were our first experience using the RIMA.
Interestingly, the importance of this study is to show that off-pump techniques does not worsen the quality of RIMA to RCA anastomosis despite not using a stabilizer. The early patency rate (mean, 33 days) of arterial grafts anastomosed with off-pump technique was reported as 99% [Calafiore 1999] . But late patency rate of RIMA to RCA anastomosis on the beating heart has not been evaluated yet. The study demonstrated that 2.5-year patency rate of RIMA to RCA anastomosis on the beating heart was not worse than the conventional technique. The 2.5-year patency rate of RIMA on the beating heart was evaluated in 72% of all patients who underwent off-pump surgery, and it was higher (80%) than those of the conventional technique and lower than those who had the RIMA anastomosed to the LCA system. Also, RIMA to the left side anastomosis had a better 2.5-year patency rate than RIMA to the right side with the conventional technique (82.6% versus 76.9%; P = .66). As we reported previously, the 3-year patency rate for LIMA to LAD anastomosis on the beating heart in patients receiving single IMA was similar to the results of this study [Omeroglu 2000 ], and it is comparable to those of conventional techniques as reported in the literature [Ascione 2001] .
In conclusion, we demonstrated by carefully administered angiographic studies that RIMA to the RCA system anastomosis without use of CPB results are similar to those obtained with CPB. It seems that BIMA to the LCA system anastomosis has better benefits, although the difference is not statistically significant.
